Donor criteria for liver grafts have been expanded because of organ shortage. Currently, no exact definitions for extended donor grafts have been established. The aim of this study was to analyze the impact of donor-specific risk factors, independent of recipient characteristics. In collaboration with Eurotransplant and European Liver Transplant Register, solely donor-specific parameters were correlated with 1-year survival following liver transplantation. Analyses of 4701 donors between 2000 and 2005 resulted in the development of a nomogram to estimate graft survival for available grafts. Predictions by nomogram were compared to those by Donor Risk Index (DRI). In the multivariate analysis, cold ischemic time (CIT), highest sodium, cause of donor death, c-glutamyl transferase (c-GT), and donor sex (female) were statistically significant factors for 3 months; CIT, c-GT, and cause of donor death for 12-month survival. The median DRI of this study population was 1.45 (Q1: 1.17; Q3: 1.67). The agreement between the nomogram and DRI was weak (kappa = 0.23). Several donor-specific risk factors were identified for early survival after liver transplantation. The provided nomogram will support quick organ quality assessment. Nevertheless, this study showed the difficulties of determining an exact definition of extended criteria donors.
Introduction
Outcome data after orthotopic liver transplantation have continued to improve throughout the last decades. Nevertheless, transplant centers face the problem of rising numbers of patients on their waiting lists in contrast to a limited number of stable available donor grafts [1] [2] [3] . Even the use of living donors and donors after cardiac death (DCD) could not overcome this imbalance [4] . Therefore, transplant physicians and organ sharing networks try to allocate, so-called, "extended criteria organs" very aggressively to limit the number of patient deaths on the waiting list. Several studies have demonstrated the safe use of such extended criteria grafts with acceptable outcomes [5] [6] [7] .
During the last decades, several studies have tried to define parameters and cut-off values for extended criteria organs, but there is still no general definition accepted within the transplant community [8] [9] [10] . Several risk factors such as older donor age, prolonged cold ischemic time (CIT) and hypotension, steatosis and high sodium values have been widely accepted, although their impact differs significantly in the reported studies [11] [12] [13] [14] [15] .
Because of this inhomogeneity, the aim of this study was to identify solely donor-related risk factors for developing a clinical evaluation tool for risk assessment of deceased liver donors. This study reflects the current situation in Eurotransplant (ET) and is based on merged data from ET database and European Liver Transplant Registry (ELTR).
Materials and Methods

Data collection
Data were received for all liver transplantations performed within the ET area between 2000 and 2005 from the ET database, Leiden, Netherlands and ELTR, Paris, France [2, 3] . ET and ELTR databases were merged. Both registries randomly undergo data review in a standardized manner. The ELTR registry underlies a strict data audit by independent members of participating countries. During the audits in each center, 10% of liver transplant files are analyzed and additionally evaluated by the ELTR data manager. In ET donor, data undergo a plausibility check at the time of data acquisition. In addition, the registry management randomly cross-checks the documented donor data.
Median data completeness of the merged database was 69% (Q1: 64%, Q3: 100%). Almost 70% of risk factors reached more than 80% data completeness.
Only deceased liver donors procured by transplant centers within the ET area were considered for analysis. DCD, donors for split liver transplantation and recipients younger than 18 years were excluded from analysis.
This initial study revealed significantly poorer outcomes for emergency transplantation and re-transplantation compared with chronic liver failure. For the final donor risk factor analyses, it was decided to focus only on deceased donors that were reported for first transplantation in the standard allocation setting for chronic liver diseases.
Factors provided by the ET database included: cause of brain death, donor age, sex, multiorgan donor Y/N, duration of stay in the intensive care unit, cardiac arrest/hypotension Y/N, use of catecholamines Y/N, body mass index, known insulin-depending diabetes mellitus and alcohol abuse, activated partial thromboplastin time, sodium (highest during intensive care unit stay and latest preexplantation), potassium, creatinine (highest and latest), erythrocytes count, leukocytes count, C-reactive protein, aspartate aminotransferase, alanine aminotransferase, total bilirubin, c-glutamyl transferase (c-GT), lactate dehydrogenase, amylase, lipase, alanine phosphatase. Donor data are stored anonymously in the ET database.
Factors provided by ELTR database included: indication for transplantation [alcohol-induced, re-transplantation, hepatocellular carcinoma (HCC), biliary, hepatitis C virus, hepatitis B virus, metabolic, and others], sex mismatch, CIT, cause of graft failure, follow-up time with patient-and graft survival. In the case of multifactorial cirrhosis, only the main underlying disease was considered for subgroup classification resulting in eight groups of indication for transplantation.
Outcome measures/statistical methods
Graft survival was defined as the time period from transplantation to either recipient death or re-transplantation. All donor-related factors were correlated with posttransplant graft survival to define extended donor criteria. Primary endpoints were survival or death/re-transplantation at 3 and 12 months of follow-up. Age was categorized in 5-year steps (age 5), CIT in 15-min steps (CIT 15).
Statistical analyses were performed using SAS Version 9 (SAS Institute Inc., Cary, NC, USA) and R version 2.10 (http://www.r-project.org). Survival curves were generated using Kaplan-Meier estimates and compared by log-rank tests for univariate analysis with categorical variables. Continuous variables were compared using hazard ratio estimates and confidence intervals.
Stepwise Cox regression was used for multivariable modeling, adjusted for overfit using 10-fold cross-validation, as implemented in SAS and in R [16, 17] . A predictive summary of the multivariate model was provided with a nomogram. Predictive accuracy of the nomograms was assessed using the area under the receiver operating characteristic curve (AUC). An AUC of 1.0 indicates perfect discrimination, whereas an AUC of 0.5 indicates no discrimination by the nomogram.
Comparison Donor Risk Index versus nomogram
The Donor Risk Index (DRI) described by Feng et al. was calculated for each patient in our data set [12] . To facilitate the comparison of DRI and the nomogram, we categorized them into three groups based on the observed tertiles in our data DRIs.
Ethics
The study protocol has been reviewed by the Institutional Ethics Committee and has been performed in accordance with the ethical standards laid down in the 2000 Declaration of Helsinki as well as the Declaration of Istanbul 2008.
Results
A total of 6982 deceased liver donors were procured within the ET area from 2000 to 2005. The 700 (10.0%) donors used for split liver transplantation and the 149 (2.1%) organs imported into the ET area were excluded from this analysis. Therefore, the resulting initial study population consisted of 6133 deceased liver donors. In an initial analysis, emergency transplantation (P = 0.01) and re-transplantation (P < 0.01) were associated with significantly poorer 3-and 12-month survival rates compared with indications for chronic liver failure. Therefore, these patients were excluded for definite donor risk factor analyses, leaving 4701 patients.
Study population for risk factor analyses
Donor factors for the final study population are described in detail in Table 1 . Mean donor age was 42.8 AE 17.4 years (median 45 years), 44.1% of the donors were female. Donor death was classified as cardiovascular (61.3%), trauma (30.4%), suicide (4.0%), respiratory (3.6%), and other reasons (0.7%).
Indications for transplantation were grouped as alcoholinduced (24.3%), biliary disease (15.6%), malignancy (16.5%), hepatitis C (15.7%), metabolic (7.8%), hepatitis B (7.3%), and others (12.9%). No significant differences regarding the graft survival owing to indications for transplantation could be found.
Graft survival rates were 87.2% for 3 months and 81.2% for 12 months. The re-transplantation rate was 10.7%. Infection-related deaths (20.6%) were the main cause of death in our study population, followed by, liver complications (17.3%; 5.3% as a result of primary nonfunction and dysfunction), unclassified causes (13.7%), and cardiovascular-related deaths (8.4%). Multiorgan failure occurred in 5.8% of patients and 6.5% of patients died intraoperatively. HCC recurrence caused only 3.4% of deaths within the first year after transplantation.
Univariate analysis
In the univariate analysis age, cause of donor death, creatinine, c-GT, high sodium, and CIT were significant factors for 3-and 12-month graft survival. In addition, donor sex and the latest sodium were only significant to the 3-month survival rate. Detailed data are shown in Table 2a . All other investigated values did not show significance at any followup time point.
Multivariate analysis
In the multivariate analysis CIT, high sodium, cause of donor death, c-GT, and donor sex (female) were statistically significant for the 3-month graft survival rate. For the 12-month survival rate, only CIT, c-GT, and cause of donor death remained statistically significant factors. Detailed data are shown in Table 2b .
Nomogram
Based on the Cox proportional hazards regression model, nomograms for 3 months (Fig. 1a ) and 12 months (Fig. 1b) were developed. All clinically relevant variables served as a basis for this nomogram. The cross-validated AUC was 0.570 (95% confidence interval: 0.543-0.596) for the 3-month nomogram and 0.559 (0.536-0.582) for the 12-month nomogram. In Table 3 , the use of the nomogram is explained by an example for an optimal organ donor and an extended criteria liver donor. Estimations of 3-month survival are provided in Table 3a , 12-month survival in the Table 3b .
Donor Risk Index
The mean DRI for this study population was 1.45 (Q1: 1.17; Q3: 1.67).
DRI versus Nomogram
The AUC for the DRI was 0.555 at 3 months and 0.557 at 1 year, values that are both lower than the cross-validated AUC of the nomogram. The agreement between the two predictors was weak (kappa = 0.23) (Table 4a ). Multiple patients showed comparable outcomes, although they were classified differentially according to DRI and the nomogram (Table 4b ). For example, 81% of the patients who were low-risk DRI and intermediate by nomogram were 1-year survivors and 78% of those who were high-risk DRI and intermediate by nomogram survived the first year after transplantation.
Discussion
Growing liver transplant waiting lists, combined with increasing waiting list mortality rates, resulted in the adoption of several different strategies to combat the issue of organ shortage. The use of extended criteria donors (ECD) has been promoted recently, as several studies have shown acceptable long-term results with these organs [8, 9, 18] . This collaborative study between ET and ELTR initially aimed at creating a precise definition of extended criteria deceased liver donors solely based on donor-related factors, independent of medical recipient conditions. In contrast to the currently established DRI by Feng et al., special donor conditions such as DCD and split liver grafts with well-known significantly higher risk of organ failure were excluded from analysis [13] . In addition, recipients with acute liver failure or those that required re-transplantation were excluded from the study population (Group B) because significantly poorer graft survival was found with these indications in this and previous studies [19] .
Furthermore, by limiting our analyses to 3 and 12 months after transplantation, we aimed at decreasing the impact of recipient-related risk factors. In contrast to the findings in Mells and Neuberger, our results show that causes of post-transplant death change significantly with longer follow-up time [20] .
Although the focus of this study was the classical diseased heart-beating liver donor, this manuscript highlights the difficulties of defining ECD. Nevertheless, we were able to demonstrate the interdependency of previously reported 
Donor age and cause of donor death
In this study population, donor age was only a predictor of post-transplant survival in the univariate analysis without revealing any cut-off value. The general increase in mean donor age might be reflected in an alteration of the causes of donor death, as well [1] . Currently, more than 60% of organs are procured from donors who have died from cardiovascular disease [23] . Our data reveal a statistically significant negative effect of cardiovascular donor death for 3-and 12-month survival following transplantation. Nevertheless, the question has to be raised, if cardiovascular cause of death should be considered as standard as it represents more than 60% cases and trauma-related death a protective factor?
Sex mismatch and donor sex
Female donors showed a negative impact on 3-month posttransplantation survival, a phenomenon that can be attributed to Alloimmunity mechanisms and hormonal differences [24] [25] [26] [27] [28] . In liver transplantation, only few elderly data are published about gender mismatch, comparable with our data [29] [30] [31] .
Cold ischemic time
Usually, more than 12 h of CIT correlated with poor initial graft function or organ failure [13, 32] . We could not identify a cut-off value as described in previous studies, but confirm a negative correlation for graft survival with prolonged CIT [8, 12, 13, 33] . Each hour extension of CIT roughly corresponded to a 4% (absolute) decrease in the probability of 1-year graft survival. In cases involving long distance organ shipment owing to Model for End-Stage Liver Disease (MELD) score allocation, CIT may become increasingly more important to the decision of donor acceptance, especially in case of ECD. We are aware that the exact CIT is not always predictable before organ allocation and organ harvesting. Nevertheless, delays in transportation or prolonged duration of hepatectomy might be very rare events or initially predictable. 
c-glutamyl transferase
Evaluation of donor organs solely based on liver-specific laboratory values is a controversial topic in medical literature [11, [34] [35] [36] [37] . In our study population, only c-GT was associated with increased graft failure in the multivariate analysis for 3-and 12-month survival. c-GT might reflect chronic organ damage more precisely than transaminases. Donor-related comorbidities such as cardiovascular disease, diabetes type II, chronic kidney disease, or alcohol abuse can also cause increased c-GT values [38, 39] . Nevertheless, one limitation of our data was the missing correlation of laboratory values with initial protocol biopsies of grafts. These are not standard, and therefore, not routinely reported to the registries in the ET area. Likewise, available ultrasound exams are generally of limited quality and therefore not considered for analyses.
Sodium levels
Direct osmolar damage is responsible for hepatocellular swelling and dysfunction [15] . In our study, cohort high sodium value during the donor's stay in the intensive care unit was a significant factor for post-transplant outcome, in contrast to the last available sodium value before procurement. This supports our theory that short-term changes in sodium values result in long lasting damage within hepatocytes because of intracellular osmolarity changes, even after aggressive correction of the donor serum sodium level [40] . A further aspect of the determined risk factors is their relevance at different points in time. In our study, female donor sex and high values of sodium prior to transplantation were only significant factors for 3-month survival rates and lost significance when determining 12-month survival. Regarding long-term survival, recipient and disease-related risk factors overpower the impact of donor-related risk factor.
Nomogram
Comparable to the correlation of the probability of death on the waiting list by MELD score, the provided nomogram might offer a tool to calculate the risk of graft failure based solely on donor-related risk factors [41] . As described in Methods section, each of the significant factors of the multivariate analysis is represented within the calculations. Evaluation of a liver donor by the nomogram will reveal interesting interactions between different donor variables, highlighting the complexity of defining an extended criteria liver donors. Examples for an optimal donor and an extended criteria liver donor are provided in Table 3 .
The bias that might result from this model selection is offset using 10-folding cross-validation for model evaluation. The resulting AUCs are comparable to those nomograms that are used in predicting postresection survival in common cancers and suggest a modest ability to determine early deaths.
DRI versus Nomogram
In addition, the DRI was calculated for all donors and correlated with outcome prediction based on the derived Table 3 . Manual for the use of the nomogram with an example of an "optimal" liver organ donor and an "extended criteria" liver donor. nomogram. Contrasting our nomogram predictions with DRI revealed that these tools are quite different and agreement between the two is very poor. Although it is possible that they contain complementary information, we believe the differences in the underlying patient populations on which they are based are more likely to be responsible. It is of note that the nomogram had slightly better AUC than the DRI, although both leave substantial room for improvement, underscoring the difficulty of predicting outcomes following transplantation or classifying donor quality. We did not perform a statistical comparison of the two as the nomogram was developed based on a different data set, and therefore such a comparison would be inherently in favor of the nomogram. Significant differences in graft quality between United Network of Organ sharing and ET were recently discussed by Braat and Blok when presenting their Eurotransplant Donor Risk Index (ET-DRI) [42, 43] . Nevertheless, the comparison of predicting tools like ET-DRI, DRI and the nomogram supports our initial statement on how difficult it is to define an extended criteria liver donor.
Readers might raise the argument that this study has some limitations as we have excluded established high-risk settings like split liver grafts and DCD, acute liver failure, and re-transplantation [13] . Rather, we are of the opinion to define donor-related risk factors even more precisely as we do not weaken the statistic power of our data because of excluding these well-established high-risk settings [13, 19] .
In addition, this study may be criticized for not taking into account recipient-related disease severity represented by MELD score. As a rebuttal to this argument, we want to point out once again that the focus of this study was set on the definition of solely donor-related risk factors for early graft failure in deceased heart-beating donors for first time recipients with end-stage liver disease independent of their disease severity. We are also of the opinion that including recipient conditions would weaken the statistical power of donor-related risk factors. Furthermore, the study population was defined in the pre-MELD era.
Finally, all analyzed donor factors were generated from finally procured and transplanted grafts. These grafts represent a preselected group of donors with at least a minimum level of organ quality. Organs of obviously poor quality were eliminated from use during the pretransplantation evaluation process before organ procurement. This is also reflected in a relatively low rate of primary nonfunction/ primary dysfunction rate of 5%.
In conclusion, several donor-related risk factors were defined for early outcome following liver transplantation (CIT, high sodium, cause of donor death, c-GT, and female donor sex for the 3-month graft survival; CIT, c-GT, and cause of donor death for the 12-month follow-up). In times of organ shortage and for optimizing organ utilization, our nomogram might provide a simple tool for organ quality assessment based on survival estimation, consequently supporting a more individualized organ allocation in the future. Nevertheless, this study shows the difficulties of developing a precise prediction tool for outcome after liver transplantation based on organ quality.
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